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ABSTRACT
We report results of a novel high-energy follow-up observation of a potential Fast Radio Burst. The
radio burst was detected by VLA/realfast and followed-up by the Neil Gehrels Swift Observatory in
very low latency utilizing new operational capabilities of Swift (Tohuvavohu et al. 2020), with pointed
soft X-ray and UV observations beginning at T0+32 minutes, and hard X-ray/gamma-ray event data
saved around T0. These observations are > 10x faster than previous X-ray/UV follow-up of any radio
transient to date. No emission is seen coincident with the FRB candidate at T0, with a 0.2s fluence
5σ upper limit of 1.35 × 10−8 erg cm−2 (14-195 keV) for a SGR 1935+2154-like flare, nor at T0+32
minutes down to 3σ upper limits of 22.18 AB mag in UVOT u band, and 3.33× 10−13 erg cm−2 s−1
from 0.3-10 keV for the 2 ks observation. The candidate FRB alone is not significant enough to be
considered astrophysical, so this note serves as a technical demonstration. These new Swift operational
capabilities will allow future FRB detections to be followed up with XRT/UVOT at even lower latencies
than demonstrated here: 15-20 minutes should be regularly achievable, and 5-10 minutes occasionally
achievable. We encourage FRB detecting facilities to release alerts in low latency to enable this science.
INTRODUCTION
Fast Radio Bursts (FRBs) are a new class of radio transient of unknown origin (Petroff et al. 2019; Cordes &
Chatterjee 2019). FRBs have energy releases on the order of 1040 erg in a millisecond and are detectable at cosmological
distances (Chatterjee et al. 2017; Bannister et al. 2019; Marcote et al. 2020; Ravi et al. 2019). This makes FRBs orders
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of magnitude more luminous than Galactic pulsars and likely require an entirely different physical mechanism (Kulkarni
et al. 2014; Katz 2016).
Magnetars are a viable source for FRBs, given the tremendous amount of magnetic energy available through their
magnetospheres or shocks driven by relativistic outflows (Metzger et al. 2019; Kumar & Lu 2020). Magnetar models
have received new attention with the recent association of an X-ray burst with an FRB-like burst from the Galactic
magnetar SGR 1935+2154 (Bochenek et al. 2020; The CHIME/FRB Collaboration et al. 2020). FRB models inspired
by the SGR 1935+2154 burst predict that FRBs are associated with periods of high-energy activity (Margalit et al.
2020; Lu et al. 2020). A much stronger magnetar high-energy outburst from SGR 1806–20 did not produce an FRB
(Tendulkar et al. 2016). However, outbursts from extragalactic soft-gamma repeaters occur at a significant rate (Hurley
et al. 2005) that is consistent with the observed FRB rate (Bochenek et al. 2020). This argues that FRBs should be
directly associated with high-energy bursts and periods of high activity. Low-latency high-energy follow-up of FRBs
is a viable strategy to test this and other models and characterize the emission process for FRBs.
The NASA Neil Gehrels Swift Observatory (Swift ; Gehrels et al. 2004), is a MIDEX class mission with a sensitive and
wide field of view (2 sr) hard-X-ray Burst Alert Telescope (BAT; Barthelmy et al. 2005), and has been a discovery engine
for new SGRs (e.g. Go¨gˇu¨s, et al. 2010; Kennea et al. 2013). In addition Swift ’s target-of-opportunity capability allows for
rapid repointing of the observatory to observe transients at very low latency (hours to minutes), allowing for accurate
localization and study with its narrow field X-ray Telescope (XRT; Burrows et al. 2005) and Ultraviolet/Optical
Telescope (UVOT; Roming et al. 2005).
In practice, FRB discovery tends to be limited by telescope sensitivity, so external information can be used to improve
sensitivity to astrophysical sources under the assumption of a physical model. The models inspired by SGR 1935+2154
rely on processes with temporally associated radio/x-ray bursts. Furthermore, some models predict persistent high-
energy emission associated with FRBs (Margalit & Metzger 2018), and there has been a possible association with a
long-lived (hundreds of seconds) gamma-ray source in Swift/BAT imaging data (DeLaunay et al. 2016).
This note describes the first very low-latency high-energy response to an FRB candidate, utilizing new Swift capabil-
ities. The radio event seen by realfast had a relatively low significance and no high-energy counterpart was identified.
As such, this serves as a technical demonstration of the integration of a low-latency FRB discovery system with Swift.
CANDIDATE FRB
realfast is a system at the Very Large Array (VLA) for commensal fast transient searches (Law et al. 2018). The
VLA produces visibilities at a 10 ms cadence and the realfast system calibrates, dedisperses, and images the data to
identify fast radio transients in real time. The search typically completes within 3 minutes of the time the radio signal
arrives at the telescope. Raw data for candidates are saved for more detailed analysis. The real-time system filters
the candidates for FRB-like DM, astrophysical probability and S/N ratio.
On 8 April 2020, the VLA was observing under program 20A-330 (PI: Cannon). realfast detected a candidate
FRB with a dispersion measure (DM) of 1463.8 pc cm−3 and time width 10 ms at MJD 58947.3514950 (topocentric;
dedispersed to 2.0 GHz). The candidate was localized to RA, Dec (J2000) = 12h05m24s, +27d53m24.6s (uncertainty
of ∼ 1′′; 12′′ FWHM synthesized beam). The primary VLA was pointed at a nearby, low-mass galaxy (AGC731921;
RA, Dec = 12h05m34.3s, +28d13m56s) with a primary goal of studying its HI spectral line and 1-2 GHz continuum
properties. The angular offset between the primary target and the FRB candidate is 20.65 arcmin, so they are likely
not related.
The commensal transient search included an observing band at frequencies from 1.4 to 2.0 GHz. In this band, the
VLA has a nominal sensitivity of 5 mJy in each 10 ms image. The candidate had a S/N ratio of 7.6 in the 10 ms
image. This significance implies an approximate fluence of 0.8 Jy ms after primary beam correction (no absolute flux
calibration is available).
The realfast system filters candidates for DM, S/N ratio, and astrophysical probability before sending them to Swift.
The DM of this event was well in excess of the maximum Milky Way contribution in this direction (20 pc cm−3; Cordes
& Lazio 2002). The astrophysical score was calculated by fetch (Agarwal et al. 2019) to be 0.99, which exceeded the
score threshold. Finally, the real-time analysis includes a calculation of whether spectral variations are consistent with
noise via a Kalman process estimator (Zackay et al, in prep). The image and spectral variations together are consistent
with an 8.0σ deviation, which was sufficient to exceed our S/N trigger threshold. An 8σ signal had a false-alarm rate
of approximately 0.1 hr−1. This event met all criteria for triggering Swift, so a notice was sent.
HIGH-ENERGY FOLLOW-UP
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The notice by realfast was distributed to Swift via a VOEvent listener running on the infrastructure of the Astro-
physical Multi-messenger Observatory Network (Ayala Solares et al. 2020), using the standard for Fast Radio Bursts
(Petroff et al. 2017). Receipt of this notice at the Swift Mission Operations Center (MOC) triggered the GUANO
system (Tohuvavohu et al. 2020) to autonomously recover the BAT event data around T0, as well as an automatic,
highest urgency, Target of Opportunity (ToO) request to point the XRT and UVOT.
T0 = 2020-04-08 08:26:07.65 UTC: Radio transient time de-dispersed to infinite frequency.
T0+5 minutes: Candidate identified by realfast.
T0+6 minutes: Notice received at Swift MOC.
T0+29 minutes: GUANO command received onboard Swift, BAT ring buffer dumped.
T0+29.3 minutes: ToO repoint command received onboard Swift.
T0+29.5 minutes: Slew towards FRB location begins (100.4 degrees to target).
T0+32 minutes: Swift settled on target, XRT and UVOT observations begin.
Figure 1. Left: VLA radio image of FRB candidate. Right: BAT sky image (15-300 keV) of the location of the radio transient
at dedispersed T0.
At T0, Swift was slewing between pre-planned targets, but the location of the radio transient was in the contempora-
neous field-of-view of the BAT, at a partial coding fraction of 75%. Using the event data made available via GUANO,
we searched for a prompt gamma-ray transient counterpart to the radio transient. The analysis is complicated beyond
the normal BAT analysis by the fact that Swift was performing a slew maneuver at T0. We constructed Detector Plane
Images, and then sky images, for every 0.2 second time bin during the slew (the temporal resolution at which attitude
information is available). We searched for sources in the sky images with batcelldetect, and found no source at the
position of the radio transient. We extracted the upper limit in BAT counts for the 0.2s duration noise map centered
around the de-dispersed radio transient T0, and converted it to a fluence upper limit assuming a power law spectrum
with a photon index of Γ = 2.1, as found for the X-ray flare associated with FRB 200428 (Mereghetti et al. 2020).
We find a 5σ fluence upper limit of 1.35× 10−8 erg cm−2 (14-195 keV). Assuming instead a power law with a photon
index of Γ = −1.32 (typical for short GRBs in the BAT band; Lien et al. 2016) the 5σ fluence upper limit becomes
3× 10−8 erg cm−2 (14-195 keV) for the 0.2s duration around T0.
UVOT took an exposure of 2 ks seconds in event mode (11 ms temporal resolution) with the u filter (λcenter = 346
nm) beginning at T0+32 minutes. We screened and cleaned the event list, before using the Swift ftools task uvotimage
to stack into a sky image. The UVOT image was then analyzed using the standard uvotsource task, which performs
aperture photometry using user-specified source and background regions. A 5” aperture was used for the source region
and a nearby source-free region was chosen for the background. Using the UVOT photometric system (Breeveld et al.
2011) we compute a 3-sigma upper limit of u > 22.18 mag AB, for any source at the location of the FRB candidate.
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XRT accumulated 2 ks of cleaned exposure time in Photon Counting mode beginning at T0+32 minutes. Using the
tools of (Evans et al. 2009) we compute a 3-sigma upper limit of 6.0× 10−3 ct s−1. Assuming a spectrum that can be
modelled with an absorbed power law with Γ of 1.2 (as found for the post-flare soft X-ray emission of SGR 1935+2154
in Borghese et al. 2020) and a galactic NH
1 of 1.76 × 1020 cm−2, this corresponds to a 3-sigma flux upper limit of
3.33× 10−13 erg cm−2 s−1 from 0.3-10 keV.
CONCLUSIONS
This note describes the fastest X-ray/UV follow-up of any radio transient to date. The radio signal had a relatively
low significance and no independent high-energy counterpart was identified; the event was unlikely to be astrophysical.
While in this case XRT/UVOT began observations at T0+32 minutes, even lower latency observations are achievable
in the future. The GUANO system and the autonomous commanding developed for it has now achieved average
commanding latencies of 14 minutes with even lower latencies possible some of the time (see latency distribution in
Figure 6 of Tohuvavohu et al. 2020). The combination of GUANO commanding and fully automated ToO safety
checking and scheduling being developed for possible use by Swift should allow observations of FRB candidates with
the focused narrow field instruments to begin within typically 15-17 minutes (i.e. 14 minutes plus the time to slew to
target) in many cases, depending on visibility constraints at T0. If a FRB triggers near in time to an already existing
Swift commanding pass, observations could begin in as little as ∼ 5 minutes. The current follow-up program is limited
only by the triggering rate of realfast. We estimate that at a trigger rate of ∼ a few FRBs per day (achievable by
current instruments like CHIME/FRB CHIME/FRB Collaboration et al. 2018), XRT/UVOT observations could begin
with a latency of <∼ 10 minutes for ∼ one trigger per month. We encourage FRB facilities to report their triggers
in low-latency to enable this science, which are necessary to probe progenitor models with rapidly fading high-energy
afterglows.
Facilities: Karl G. Jansky Very Large Array, Neil Gehrels Swift Observatory
Software: rfpipe (Law 2017), comet (Swinbank 2014), fetch (Agarwal et al. 2019), GUANO (Tohuvavohu et al.
2020)
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